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Description
Field of the Invention

[0001] This application relates to a method for increasing the sensitivity of an analysis in which a sample of a biomo-
lecular substance is placed in a bufferand an analysis is performed on the substance in the buffer by an NMR spectrometer.

Background of the Invention

[0002] Buffer solutions which are used in the NMR field are described in "Prediction of Protein Behaviour for NMR",
J. Hubbard, P. Johnson, B. Ong, J. Laddes, G. King, L.K. MacLachlan, 42nd Experimental NMR Conference (ENC),
Orlando Florida, USA 2001. This article contains a survey of buffer conditions used for NMR structure determinations
and shows that 27% of all structures were determined in unbuffered (or auto-buffered) solutions, 50% in phosphate
buffers, 10% in acetate buffers and 9% in TRIS buffers.

[0003] Inrecentyears, NMR spectroscopy has become one of the most important analytical tools in organic chemistry,
as well as in structural biology and biochemistry. However, compared to other spectroscopic techniques, NMR spec-
troscopy is a relatively insensitive method, requiring samples concentrations in the micromolar and even millimolar range.
Nevertheless, NMR provides an enormous amount of details about the chemical organization and the structure of
compounds. The introduction of new equipment and techniques has helped toimprove the sensitivity in NMR experiments.
One important improvement has come in the form of cryogenic probes, which generate and receive the NMR pulses
being used during examination of a sample. The sensitivity increase is achieved by cooling the radio frequency (RF)
receiver coils to temperatures of 15 to 30 °K. The colder coils have lower resistance and, therefore, higher quality factors
(Q). This, in turn, increases the signal amplitude and lowers the thermal noise. Both the higher Q-factor and the lower
noise result in an increase in the overall signal-to-noise (S/N) ratio and therefore in the sensitivity of the apparatus.
[0004] The sensitivity of cryogenic probes, however, is also dependent on the use of samples and sample solutions
having the appropriate electrical characteristics. An electrically conductive sample, such as one using a conventional
buffer typical of protein structure determinations, will add a resistance to the coil, which can significantly reduce the
signal-to-noise ratio. However, many biological macromolecules must be studied in buffered solutions to keep the pH
constant and the molecule in a defined protonation state. Moreover, in many cases, salts are added to a buffer to increase
solubility and to prevent aggregation of the investigated biomolecules. But salt concentrations of 100 to 150 mM, which
are typical for many biological samples, significantly decrease the sensitivity advantage of a cryogenic probe.

Summary of the Invention

[0005] In accordance with the present invention, a method is suggested for increasing the sensitivity of an analysis
in which a sample of a biomolecular substance is placed in a buffer and an analysis is performed on the substance in
the buffer by an NMR spectrometer, which is characterized in that a buffer is prepared by titrating a primary buffer
component with a titrating agent that changes the pH of the primary buffer component to be approximately equal to its
pKa, the primary buffer component and the titrating agent being selected to have an ion mobility sufficiently low that, at
a concentration of 200 mM of the primary buffer component, the conductivity of the buffer is no greater than 5.0 mS/cm
and the analysis is performed on the substance in that buffer by the NMR spectrometer.

[0006] The buffer significantly increases the sensitivity of an NMR spectroscopy examination of a biomolecule. In
order to provide the enhanced sensitivity, the conductivity of the buffer is made particularly low, while maintaining a salt
level sufficient to support the biomolecule under test. The buffer may also be deuterated for certain NMR applications.
The buffer is a buffer solution with a known pKa, and includes a primary buffer component and a titrating agent. However,
the primary buffer component and the titrating agent have ion mobilities that are sufficiently low that the conductivity of
the buffer is minimized.

[0007] Although dependent on the particular circumstances of the examination in question, the primary buffer com-
ponents and titrating agents are such that, if the primary buffer component was at a concentration of 200 mM, the
conductivity of many buffers according to the invention would be no greater than 5.0 milliSiemens/centimeter (mS/cm).
Since the conductivity is concentration dependent, the actual conductivity would depend on the concentration, but would
satisfy a corresponding limit adjusted for concentration.

[0008] In certain circumstances, the ion mobility of the primary buffer component and the titrating agent may be kept
low if a weak acid (or base) titrating agent is used with a weak base (or acid) primary buffer component. Some examples
of buffers according to the invention include, for a pH of approximately 7.0, a primary buffer component of MOPS and
a titrating agent of Bis-Tris Propane. As an alternative at the 7.0 pH level, a primary buffer component of Hepes may be
used with a titrating agent of either Bis-Tris Propane or sodium hydroxide. For a pH of approximately 8.0, a primary
buffer component of Bicine may be used with a titrating agent of either sodium hydroxide or Tris base. Other low
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conductivity buffers are also possible.

[0009] A method of selecting an appropriate buffer for a molecular substance to be examined in an NMR spectrometer
may take into account certain steps. First, the pH of the isoelectric point of the molecular substance should be determined.
A pH should be selected relative to the pH of the isoelectric point so as to allow adequate solubility of the molecular
substance. Available primary buffer components may then be determined based on their having pKa values corresponding
substantially to the selected pH value. From these components, a selection should then be made based on the ion
mobility of the primary buffer component and the ion mobility of any appropriate titrating agent, such that the resulting
buffer has a minimum conductivity.

Brief Description of the Drawings

[0010] The above and further advantages of the invention may be better understood by referring to the following
description in conjunction with the accompanying drawings in which:

[0011] Figure 1 depicts one-dimensional spectra of several different buffer materials showing the different sensitivities
provided by each in NMR experiments;

[0012] Figure 2 depicts the different spectra of buffers according to the present invention; and

[0013] Figure 3 is a flow diagram of a buffer selection process according to the present invention.

Detailed Description

[0014] In a typical high-resolution NMR spectroscopy analysis, a liquid sample is located in a glass tube and placed
inside a tuned radio-frequency (RF) coil inside a magnet that produces a strong static magnetic field. One common
examination is for the signals generated by the TH nuclei (protons), which have a resonant frequency of 500 MHz in an
11.7 Tesla magnet. To perform such an examination, the RF coil is tuned to the 500 MHz frequency. The coil is used
to generate a strong RF magnetic field in the sample along a direction perpendicular to the direction of the static magnetic
field, and to detect subsequent NMR signals from the sample.

[0015] As is known in the art, a short but strong RF pulse is generated with the coil. This excites the nuclei, and the
transient decay of their magnetization is received by the RF coil and coupled to a low-noise amplifier. This "free-induction
decay" signal is processed by a receiver and used to generate an NMR spectrum of the sample.

[0016] The signal-to-noise ratio (S/N) of NMR experiments depends on many different factors, including the conditions
of hardware components of the system, such as the coil and the preamplifier. The following ratio may be used to
approximate the contributions of these different conditions to the overall S/N ratio.

SIN ~ (TeRe + Ta[Rc + Rq] + TsRs)-o.5 (1)

where T is the temperature of the coil, R, is the resistance of the coil, T is the temperature of the sample, Rq is the
resistance added to the coil by the sample, and T, is the noise temperature of the preampilifier.

[0017] In cyrogenic probes, the temperature of the coil is in the range of 15-30 °K, the preamplifier noise temperature
is in the range of 10-15 °K, and the coil resistance is small compared to the resistance of conventional room temperature
probes. Thus, the first two terms of the above equation are relatively small, and the sensitivity of the probe is corre-
spondingly high, as compared to conventional probes. However, the third term is similar for conventional and cryogenic
probes, since it depends primarily on the sample temperature and sample resistance. As this third term increases, the
sensitivity decreases. Moreover, since the first two terms are so much smaller in a cryogenic probe, the third term has
that much more influence over the total S/N ratio.

[0018] For most biological, and many chemical, applications, the sample temperature must be kept within a range of
about 30 °K, which amounts to about 10% of the value of Tq. The other portion of the third term, Ry depends on the
chemical makeup of the sample. Since much of the sample is comprised of a buffer solution within which a selected
material is located, the particular resistive characteristics of the buffer solution contribute significantly to Rg.

[0019] One of the primary components in many buffer solutions used with organic samples, such as proteins, is some
form of salt. With conventional buffers, higher salt concentration results in higher conductivity. While it would therefore
be advantageous to reduce the salt content, the sample material located within the buffer typically requires a particular
salt concentration to maintain its natural characteristics. Thus, simply reducing the salt concentration may not be an
option for improving the S/N ratio of the system.

[0020] In order to improve the S/N ratio without inappropriate reductions in salt concentration, the present invention
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addresses other characteristics of the sample buffer that contribute to its level of conductivity. Notably, the conductivity
of the sample buffer depends not only on the ionic concentration of the solution, but also on the mobility of the ions in
the solution and their respective charge. For a solution containing different ions, their individual contributions to the
conductivity c may be summed up as follows:

o = Z CiqQip (2)

where c is ionic concentration, q is charge and p. is ionic mobility, and the index i covers all of the ionic species present
in the solution. In the present invention, buffers with low ion mobility p. are selected so as to reduce the conductivity of
the sample buffer, without requiring a reduction in salt concentration.

[0021] One measurement that may be used to examine the sensitivity of a cryogenic probe using a particular buffer
solution is the quality (or "Q") factor of the proton channel. In accordance with the present invention, tests were done
using a 500 MHz Avance Bruker NMR instrument with a triple resonance cryogenic probe. Measurements of individual
quality factors and of Qg, the quality factor of the empty, unloaded probe, allows the calculation of the ratio of sample
resistance R; to coil resistance R as follows:

Re/Rc = Qo/Q - 1 (3)

This ratio can, in turn, be used to calculate the sensitivity loss factor L, which is defined as the ratio of the sensitivity of
the loaded probe and the unloaded probe:

- (1+ Rs(Ts"l'Ta) ).0_5

L= (SMN)iowses _ \/ Re(Te + Ta) @)
RcTe+Ts Rs+ Ta(Rc + Rs) Re(Te+Ta)

(S/N)unloaded

Thus, it is apparent that the factor L can fall anywhere between 0 and 1, with 1 being the highest achievable sensitivity,
i.e., that of a probe with a completely nonconductive sample.

[0022] Fora good example comparison, the temperatures for use with the foregoing equation for L are set to T, = 298
°K, T, =27 °Kand T, = 15 °K. Using these values, this equation may be simplified to:

L = (1+ 7.45(R¢/R.)) %8 (5)

Using this equation, the correlation between buffer conductivity and sensitivity may be shown. In Table 1 below, the
sensitivity loss factor is shown for a number of conventional buffer solutions, using a concentration of 200 mM.

TABLE 1

Buffer R¢/R, Sensitivity Loss Factor | Conductivity (mS/cm)
Tripolyphosphate 271=.04 | 0.22 31.3
Potassium Chloride 1.93 .04 | 0.26 233
Sodium Pyrophosphate 1.70 = .04 | 0.27 20.2
Sodium Chloride 1.64 = .04 | 0.28 18.1
PIPES 1.33+.04 | 0.30 14.8
B-glycerophosphate 1.31 = .04 | 0.30 14.9
Potassium Phosphate 125+ .04 | 0.31 141
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(continued)

Buffer R¢/R. Sensitivity Loss Factor | Conductivity (mS/cm)
TRIS 1.24 = .04 | 0.31 14.1
Sodium Acetate 111+ .03 | 0.33 12.2
Sodium Phosphate 0.95+ .03 | 0.35 11.0
TAPS 0.90 = .03 | 0.36 9.55
Tetrabutylammonium Phosphate | 0.69 = .03 | 0.40 9.00
HEPES 0.22 +.02 | 0.62 0.06
CAPS 0.14 = .02 | 0.70 0.7
TES 0.12 +£.02 | 0.73 0.25
MOPS 0.10 = .02 | 0.76 0.04
CHES 0.08 = .02 | 0.79 0.06
MES 0.08 = .02 | 0.80 0.15
Bicine 0.05 +.02 | 0.86 0.031
Bis-TRIS Propane 0.05 + .02 | 0.86 0.022
Tris Base 0.03 =£.02 | 0.91 0.1
Bis-TRIS 0.02 +.02 | 0.93 0.0236
Deionized Distilled H20 0.01 = .02 | 0.98 0.0023

As shown, the resulting DC conductivity values for the materials shown in Table 1 vary widely, and there is a direct
correspondence to the sensitivity loss factors.

[0023] The solutions shown in Table 1 were not adjusted to a particular pH. For some of the materials, at certain pH
levels, many of the molecules of these materials will not be ionized, and the conductivity values therefore appear very
low. However, those skilled in the art will recognize that Table 1 is intended only to demonstrate the variation in con-
ductivities between different primary buffer components.

[0024] When considering the titration of the buffer, it is important to consider the ion mobility of the titrating agent.
Since the conductivity of the entire sample is the sum of the contributions of the individual ion species, adding ions with
a high mobility can have a detrimental effect on the sensitivity.

[0025] Table 2 below shows the ion mobilities, relative to potassium, of some different materials at a molar concentration
of 200 mM. Each of these mobilities refers to anion mobility.

TABLE 2
Buffer lonic mobility (relative to K*)
Dihydrogen phosphate (H,PO,") 0.45
Hydrogen phosphate (HPO42-) 0.39
TRIS 0.4
Acetate 0.56
HEPES 0.3
MOPS 0.35
MES 0.37

[0026] As shown, certain materials in Table 2, such as HEPES, MOPS and MES, have ionic mobilities lower than
those of other materials. Most biological and chemical NMR applications require a particular pH value, to keep the solute
in a defined protonation state. Typically, specific pH values are achieved by titrating a solution of a weak acid or weak
base with a strong base or strong acid, for example hydrochloric acid or sodium hydroxide. Alternatively, specific pH
values are achieved by mixing the appropriate amounts of an acid and its conjugate base according to the Henderson
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Hasselbalch equation. Titrations of a buffer solution, however, add additional ions to the solution. Since the conductivity
of the entire sample is the sum of the contributions of the individual ion species, adding ions with a high mobility can
have a detrimental effect on the sensitivity. The problem can be avoided if an acid or base with low ion mobility is added.
Unfortunately, most acids and bases with low ion mobilities are weak and the titration of a weak acid with a weak base
does not necessarily produce a good buffer. However, if the pka values of both involved compounds are very similar,
solutions with good buffer capacities can be produced using weak acids and bases. Examples are combinations of the
base BisTrisPropane (pka 6.8) with the acids PIPES (pka 6.8) or MOPS (pka 7.2) and Tris base (pka 8.1) with bicine
(pka 8.3).

[0027] In preparing a low conductivity buffer, one may use the values shown in Table 1 to select from the lower
conductivity compounds and titrate them either with hydrochloric acid or sodium hydroxide or, if the material is a weak
acid or a weak base, and the pKa is close to the pKa of a weak base or acid (as appropriate to titrate the selected
material) it may be possible to use a titrating agent with particularly low ionic mobility. Table 3 summarizes some possible
results.

TABLE 3

Buffer Titrated With PH R¢/R, S/N Factor | Conductivity (mS/cm)
Bis Tris Propane HCI 6.8 | 1.76 = .04 0.27 19.34
PIPES 6.8 | 0.84 = .03 0.37 8.75
Tris Base HCI 8.0 | 0.88 .03 0.36 9.60
TES 8.0 | 0.60 = .03 0.43 5.71
Sodium Phosphate 7.0 1.63 = .04 0.28 17.34
MOPS Bis-Tris Propane | 7.0 | 0.22 + .02 0.61 2.40
Bicine NaOH 8.0 | 0.26 = .02 0.58 2.61
Tris Base 8.0 | 0.29 = .02 0.56 2.50
Hepes Bis-Tris Propane | 7.0 | 0.31 £.02 0.55 1.30
NaOH 7.0 | 0.41 .02 0.50 244

[0028] Shown are both buffer components, the pH of the resulting buffer, the Rs/Rc ratio, the predicted sensitivity loss
factor L, and the DC conductivity of the solution in milliSiemens per centimeter. Clearly, certain combinations show
significantly higher predicted sensitivities than others. In particular, the combination of MOPS and BisTrisPropane at pH
7 as well as Bicine and Tris base at pH 8 should achieve high sensitivities. For example, the combination of MOPS and
Bis-Tris Propane has a pH of 7.0 with a sensitivity of 0.61, while the combination of Bicine and Tris base has pH of 8.0
and a S/N factor of 0.56.

[0029] The buffer materials discussed above have described in terms of a 200 mM concentration. Those skilled in the
art, however, will recognize that other concentration levels may be used in practice, and that the 200 mM concentration
used hereinis to allow relative comparative analysis of different materials. In particular, many biological NMR experiments
are carried out at buffer concentrations of approximately 50 mM. However, the 200 mM concentration is useful for the
present discussion, and may likewise be used to compare the ion mobilities of these different materials.

[0030] As mentioned above, the conductivity of a buffer solution also depends on the charge of its ions. At the same
molarity, a buffer with multiple charges, such as phosphate, reduces the sensivity more than a buffer with a single charge
and similar ion mobility. To predict the effect of a certain buffer on the sensitivity, the protonation state of its ions also
has to be considered. While at pH values of about 2.0, the main species of a phosphate buffer are H;PO, and H,PO,4~.
At the more biologically relevant pH of 7.0, H,PO," and H,PO,2- are dominant and a further decrease of the sensitivity
due to the increased charge is expected. The foregoing comparative data is based on a molarity of 200 mM. The use
of a molarity-based comparison rather than a normality-based one (where the different materials are normalized to the
same amount of charge) allows buffers with similar buffering capacities to be compared.

[0031] In accordance with the present invention, it is possible to prepare buffers that have conductivities well below
those of the prior art. Looking at Table 3, it may be seen that the buffers hereunder include a number with conductivities
well below 5.0. Thus, the buffers according to the present invention provide a much greater degree of sensitivity than
was previously available, and are particularly valuable for NMR experiments using cryogenic probes. It should also be
noted that, since the buffers are used in NMR experiments, it is typically necessary that they be deuterated. In particular,
it is advantageous if both the base buffer material and any titrating agent is deuterated.
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[0032] Furtherinvestigation of the differences in buffer sensitivities was done using NMR experiments. A2 mM solution
of para-aminobenzoic-acid (PABA) was used in each of a 200 mM solution of HEPES/NaOH (pH 7.0), Tris Base/HCI
(pH 8.0), NaCl, sodium phosphate (pH 7.0) and Triployphosphate (unadjusted pH). Figure 1 shows one-dimensional
spectra acquired using these samples. These spectra confirm that the type of buffer has a dramatic effect on the sensitivity
of NMR experiments. Furthermore, comparison of the relative intensities in the spectra with the predicted sensitivity loss
factors L of the used buffers demonstrates a good correlation.

[0033] The foregoing experiments were all performed at a concentration of 200 mM. However, in practice, different
NMR experiments require different ion concentrations. The relative sensitivity gain of a particular buffer relative to another
also depends on the concentration. For example, from Table 3, it can be seen that some of the best buffers shown have
a conductivity of no greater than 5.0 mS/cm at a concentration of 200 mM. However, the conductivity values can be
different for different concentration levels. Nevertheless, a similar relative performance exists at other concentrations,
and the resulting conductive values can be determined for other concentrations.

[0034] The dependence of the relative sensitivity of two buffers can be calculated from the ratio of their sensitivity loss
factors Ly and L,:

(1+ 7.45—R—‘2)
— R

L: V(147458
R

For low buffer concentrations, the sample resistance of the two buffers Ry, and Ry, decreases. In the limit of very low
concentrations, the factor 7.45R,/R; becomes small relative to 1 and can, therefore, be neglected. In such a case, the
ratio of L4/L, is equal to 1.0, and the sensitivity is independent of the nature of the buffer. At high salt concentrations,
the sample resistance becomes the dominant factor in the above equation. In such a case, the factor 7.45R /R . becomes
large relative to 1.0 and, in combination with the foregoing equation for conductivity, 6, can be expressed as follows
(ignoring the effect of the counterion in the sum):

From this, it is apparent that, for high salt concentrations, the gain in sensitivity of a particular buffer over another buffer
becomes independent of the actual ion concentration, and reaches a maximum that is equal to the square root of the
ratio of the individual ion mobilities. For many of the salts in Table 3, this condition is fulfilled.

[0035] Most biological NMR experiments are carried out at buffer concentrations of approximately 50 mM. The sen-
sitivity gain of two of the buffers having good sensitivity values at a pH of 7.0 was investigated relative to the most
commonly used NMR buffer, sodium phosphate. Solutions of 2mM lysozyme were prepared in each of a sodium phos-
phate buffer, a MOPS/Bis-Tris propane buffer and a HEPES/NaOH buffer. The resulting three NMR spectra are shown
in Figure 2.

[0036] To avoid problems with differences in the amide proton exchange rates and overlap with buffer resonances,
only the extreme high-field ends of the spectra were used for an analysis of the relative sensitivities. The MOPS/Bis-
Tris propane buffered sample showed the highest sensitivity, about 1.1 times higher than the sensitivity in the HEPES/
NaOH buffered sample, and about 1.5 time higher than the sensitivity of the phosphate-buffered sample. This fifty percent
higher sensitivity relative to the most common NMR buffer demonstrates that careful buffer selection can lead to significant
sensitivity gains, even under conditions typical for NMR experiments with biological samples.

[0037] Selection of an appropriate buffer for a given NMR experiment may take into account a number of different
criteria. However, the following series of steps represents one useful procedure for making such a selection given an
experiment for examining a large biomolecule. The steps are shown as a flow diagram in Figure 3.

[0038] First, the pH value at which the isoelectric point of the biomolecule is found (step 302). As this is the point of
lowest solubility, the pH of the buffer must differ. The desired pH value of the buffer may then be selected (step 304).
For biomolecules, the primary concern in this selection process is choosing a pH value best suited for the molecule
itself. This value is the pH of the in vivo environment of the molecule, which is typically about 7.0. A secondary concern
while choosing this pH level is the desire to minimize amide proton exchange. As is known in the art, lower pH values
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(as low a 3.5) are more desirable in this regard. However, reproducing the cellular environment of the biomolecule should
be the primary concern.

[0039] Once a pH value is selected, the various buffers having a pKa at (or approximately at) the selected pH may
be considered (step 306). The buffers being considered should include whatever titration is desired. Of these buffers,
one with a particularly low ionic mobility is then selected (308). Because the buffers include the titrating agents, the ionic
mobility of both the salt and the titrating material will have an effect on the overall ionic mobility, and the titrating agent
must therefore also be selected according to these criteria.

[0040] While the invention has been shown and described with reference to preferred embodiments thereof, those
skilled in the art will recognize that various changes in form and detail may be made herein without departing from the
invention as defined by the appended claims. In particular, the specific buffer solutions described herein define a type
of buffer that may use other specific materials. Notably, it is the characteristics of the buffers disclosed herein, not just
the specific substances used, that provide a clear and distinct improvement over the prior art. The present invention is
intended to cover all other buffers having the characteristics defined in the claims.

Claims

1. A method for increasing the sensitivity of an analysis in which a sample of a biomolecular substance is placed in a
buffer and an analysis is performed on the substance in the buffer by an NMR spectrometer,
characterized in that
a buffer is prepared by titrating a primary buffer component with a titrating agent that changes the pH of the primary
buffer component to be approximately equal to its pKa,
the primary buffer component and the titrating agent being selected to have an ion mobility sufficiently low that, at
a concentration of 200 mM of the primary buffer component,
the conductivity of the buffer is no greater than 5.0 mS/cm and the analysis is performed on the substance in that
buffer by the NMR spectrometer.

2. A method according to claim 1 wherein the primary buffer component is deuterated.

3. A method according to anyone of the preceding claims wherein the primary buffer component is selected to have
an ion mobility relative to potassium of no greater than 0.4.

4. A method according to anyone of the preceding claims wherein the primary buffer component and/or the titrating
agent of the buffer comprises a weak acid or a weak base.

5. A method according to anyone of the preceding claims wherein the primary buffer component comprises MOPS
which is titrated with the titrating agent until the pH of the buffer is approximately 7.0.

6. A method according to claim 5 wherein the titrating agent comprises Bis-Tris Propane.

7. A method according to anyone of claims 1-4 wherein the primary buffer component comprises Bicine, which is
titrated with the titrating agent until the pH of the buffer is approximately 8.0.

8. A method according to claim 7 wherein the titrating agent comprises sodium hydroxide.
9. A method according to claim 7 wherein the titrating agent comprises Tris Base.

10. A method according to anyone of claims 1-4 wherein the primary buffer component comprises Hepes, which is
titrated with the titrating agent until the pH of the buffer is approximately 7.0.

11. A method according to claim 10 wherein the titrating agent comprises Bis-Tris Propane.

12. A method according to claim 10 wherein the titrating agent comprises sodium hydroxide.

Patentanspriiche

1. Verfahren zur Sensitivitdtserhdhung einer Analyse, bei der eine Probe einer biomolekularen Substanz in einen
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Puffer gegeben und eine Analyse anhand der in dem Puffer befindlichen Substanz durch ein MNR-Spektrometer
vorgenommen wird;

dadurch gekennzeichnet, dass

ein Puffer angesetzt wird, indem eine Primarpuffer-Komponente mit einem Titriermittel titriert wird, das den pH der
Primarpuffer-Komponente so verandert, dass er annahernd ihrer pKa gleicht,

die Primarpuffer-Komponente und das Titriermittel so ausgewahlt werden, dass sie eine ausreichend geringe lo-
nenbeweglichkeit aufweisen, dass bei einer Konzentration von 200 mM der Primarpuffer-Kkomponente

die Leitfahigkeit des Puffers nicht gréRer als 5,0 mS/cm ist und die Analyse anhand der in diesem Puffer befindlichen
Substanz durch das NMR-Spektrometer erfolgt.

Verfahren nach Anspruch 1, wobei die Primarpuffer-Komponente deuteriert wird.

Verfahren nach einem der vorherigen Anspriiche, wobei die Primarpuffer-Komponente so ausgewahit wird, dass
ihre lonenbeweglichkeit relativ zu Kalium nicht gréRer als 0,4 ist.

Verfahren nach einem der vorherigen Anspriiche, wobei die Primarpuffer-Komponente und/oder das Titriermittel
des Puffers eine schwache Saure oder eine schwache Base umfasst.

Verfahren nach einem der vorherigen Anspriiche, wobei die Primarpuffer-Komponente MOPS umfasst, das mit dem
Titriermittel so lange titriert wird, bis der pH des Puffers annahernd 7,0 betragt.

Verfahren nach Anspruch 5, wobei das Titriermittel Bis-Tris-Propan umfasst.

Verfahren nach einemder Anspriiche 1-4, wobei die Primarpuffer-Komponente Bicin umfasst, die mit dem Titriermittel
so lange titriert wird, bis der pH des Puffers annahernd 8,0 betragt.

Verfahren nach Anspruch 7, wobei das Titriermittel Natriumhydroxyd umfasst.
Verfahren nach Anspruch 7, wobei das Titriermittel Tris Base umfasst.

Verfahren nach einem der Anspriiche 1-4, wobei die Primarpuffer-Komponente HEPES umfasst, die mit dem Ti-
triermittel so lange titriert wird, bis der pH des Puffers annahernd 7,0 betragt.

Verfahren nach Anspruch 10, wobei das Titriermittel Bis-Tris Propan umfasst.

Verfahren nach Anspruch 10, wobei das Titriermittel Natriumhydroxyd umfasst.

Revendications

Procédé destiné a augmenter la sensibilité d’une analyse dans lequel un échantillon d’'une substance biomoléculaire
est placé dans une solution tampon et une analyse est exécutée sur la substance dans la solution tampon par un
spectrometre a résonance magnétique nucléaire,

caractérisé en ce que

une solution tampon est préparée en titrant un composant de solution tampon primaire avec un agent de titrage qui
modifie le pH du composant de la solution tampon primaire pour qu’il soit approximativement égal a son pKa,

le composant de solution tampon primaire et 'agent de titrage étant sélectionnés pour présenter une mobilité ionique
suffisamment basse pour que, a une concentration de 200 mM du composant de solution tampon primaire, la
conductivité de la solution tampon ne soit pas supérieure a 5,0 mS/cm et que I'analyse soit exécutée sur la substance
dans cette solution par le spectromeétre a résonance magnétique nucléaire.

Procédé selon la revendication 1, dans lequel le composant de solution tampon primaire est deutéré.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le composant de solution tampon
primaire est sélectionné pour présenter une mobilité ionique par rapport au potassium qui ne soit pas supérieure a 0,4.

Procédé selon I'une quelconque des revendications précédentes, dans lequel le composant de solution tampon
primaire et/ou 'agent de titrage de la solution tampon comprend un acide faible ou une base faible.
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Procédé selon I'une quelconque des revendications précédentes, dans lequel le composant de solution tampon
primaire comprend du MOPS qui est titré avec I'agent de titrage jusqu’'a ce que le pH de la solution tampon soit
d’approximativement 7,0.
Procédé selon la revendication 5, dans lequel 'agent de titrage comprend du bis-tris propane.
Procédé selon I'une quelconque des revendications 1 a 4, dans lequel le composant de solution tampon primaire
comprend de la bicine, qui est titrée avec I'agent de titrage jusqu’a ce que le pH de la solution tampon soit d’ap-
proximativement 8,0.
Procédé selon la revendication 7, dans lequel 'agent de titrage comprend de I'hydroxyde de sodium.
Procédé selon la revendication 7, dans lequel 'agent de titrage comprend une tris base.
Procédé selon I'une quelconque des revendications 1 a 4, dans lequel le composant de solution tampon primaire
comprend de I'hepes, qui est titré avec I'agent de titrage jusqu’a ce que le pH de la solution tampon soit d’approxi-
mativement 7,0.

Procédé selon la revendication 10, dans lequel I'agent de titrage comprend du bis-tris propane.

Procédé selon la revendication 10, dans lequel I'agent de titrage comprend de I'hydroxyde de sodium.
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